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ABSTRACT 


Àn exploratory approach to the problem of modeling the rural sector 
in Vietnam as an open static input-output model is attempted. A tenta- 
tive classification of the agricultural economy into primary and second- 
ary sectors is undertaken. Methods for data collection and uses are 
suggested.  Anticipating the case where data for more than one time 
period are available a statistical estimation procedure for parameters 
is developed; a time series analysis of technical coefficients is also 
presented. The uses of the model as a predicting device is discussed and 
a linear programming approach to the problems of resources allocation is 


proposed, 
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I. INTRODUCTION 


Agriculture plays a primordial role in the economy of the Republic of 
Vietnam. It employs 70 percent of the total work force; it accounts for 
more than 30 percent of the GNP. Export of agricultural products in the 
woi rubber, spices, fish products, tea, coffee, and wood products 
constitutes 90 percent of annual national foreign income. The windingdown 
of the war and the increase in security that will result in the countryside 
Will permit a rapid expansion of the cultivated area. Thus a rapid in- 
crease in agricultural output is expected to last through 1978. 

In an effort to equalize resource allocations and promote a smooth 
growth for the rural sector, a five-year plan was adopted for the period 
1971-1975. The plan defined two major objectives for the agricultural 
sector: 

1. Increase in food production so as to meet national consumption. 

2. increase in production of potentially exportable crops for export 
purposes in order to earn foreign currency needed to finance industrial 
development. 

The plan started from scratch and derived its policies from specific 
project plans prepared for each of the various sectors of the agriculture. 
The projections were based on a linear regression trend line. Although 
those predictions to date have proved themselves to be fairly accurate, 
the plan has been criticized as being over-optimistic and neglecting the 
side effects of different economic measures. It is notorious that plan- 
ners for economic policies have the tendency to concentrate their atten- 
tion on the principal effects of economic measures and neglect the less 
conspicuous indirect effects which, in some cases, can hinder growth in 


other areas of the economy. Subsidies for export encourage the production 
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of exportable crops such as rice, tea, coffee, and rubber but at the same 
time reduce land allocation for other crops, soybeans for example, which 
in turn affects the production of pigs and poultry. 

Clearly, there is a need for an economic model which is capable of 
accounting for the interdependency among various sectors of agriculture. 
Input-output models are such models. The use of input-output models as 
planning tools have received much attention during recent years, particu- 
larly in developing countries. Economic successes in Kn Korea’ and 
other countries are attributed to the economic measures derived from in- 
put-output analysis. The input-output model permits the disentanglement 
and the accurate measurement of the indirect effects and thus gives a 
better insight of the structure of the economy. These properties should 
logically lead to better plannings. 

This paper represents an effort to model the Vietnamese rural sector 
as an input-output model and is divided into six sections. The first two 
sections present the problem and review the theoritical static input- 
output models. 

The problems that arise in input-output modeling are examined in 
section III. These problens are of various nature and are generally 
classified under two main categories: the aggregation problems are en- 
Br early during the conceptual partitioning of the economy, and 
the problems of coefficients estimation that arise during the construc- 


tion of the technology matrix. 


een, Irma, Practical Approaches To Development Planning: 
Korea's Second Five-Year Plan, p. 3-10, The Johns Hopkins Press, Balti- 


more, 1969, 


E R., Economic Analysis in Input-Output Framework, Input- 
Output Research Association, India, 1967. 





Section IV discusses the statistical estimation procedures that can 
be used in cases where data for more than one time period are available, 

In section V, the computational procedures for the derivation of input- 
output projections zs presented. A linear programming approach to the 
problem of optimum resources allocation is also proposed, 

Section VI reviews the assumptions of the model and discusses the 


cases where those assumptions are violated. 





II. THE STATICAL LEONTIEF MODEL 


The Statical Input-Output Model is essentially a system of simultaneous 
linear production functions describing an economy considered as a unit. 
The theoretical ground is developed upon three basic assumptions: 


ie Constant return to scale. The inputs to each industry are a 
unique function of the level of output of that sector, 


2. No joint products, no process produces more than one product. 

3. No substitution among inputs is possible in the production of any 
goods or services, 
A. THE LEONTIEF CLOSED MODEL? 

Consider an exhaustive partition of an economy into n producing indus- 
tries. 

Let X; be the total gross output of the ith industry. 

de... E 
Xij be the input of the ith product used by the jth industry to 

produce Es 


IL 15 Zee n 


t 
1 


3 t; Zire n 
D. be the output of industry i available for outside consumption 


or Final Demand, 
Then the balance equation for commodity i can be written as: 


n 
(2.1) Xx. = D Xij T D. i = 1% 23 9 n 
Jel 


D ibn; Der ammelson, and R. Solow, Linear Programming and Economic 
Analysis, pp. 204-229, McGraw Hill Book Company, New York, 1959. ALSO 

Lancaster, Kelvin, Mathematical Economics, The Macmillan Company, 
Collier-Macmillan Limited, London, 1968. 





Equation (2.1) is a system of n equations which can be conveniently 
represented in the form of a table called The Transactions Table (Table 


Za). 


Industries Industries Purchasing Final Gross 
Producing 1 zZ o e n Demand Output 


P A 





Eo Ao 
D X 
n n 


Mtra TGT Table for the Closed Model 


Given the assumptions enumerated above, the input EE required to produce 


E ls a unique linear function of X.. Then 


M 
2.2) XC NNUS TA. or å... = E 
2) 1J J 13 x; 


where B is the quantity of input DE required to produce one unit of 


output Bs: 


Using relation (2.2) and replacing = in system of equations(2.1) 


gives 
n 
>) x. = E a; X. t DD oPpic1,2,..,m 
j=l 
Let A = (a; 5) be the technology matrix 
X = LX IEEE, x) 
enden (N, Doro.” D) 


Then (2.3) can be rewritten as: 





END X = AX + D 

or (I-A)X = D 
And if $5 denotes the inverse of matrix (I-A) then 
E X= ee D 

Thus given the technology matrix A and the vector of gross output X 
(2.4) gives the vector of final demand. 

Similarly, given the final demand vector D equation (2.5) gives the 
vector of gross output. 

It may be noted that the inverse of matrix (I-A) always exists if the 


Hawkins-Simon conditions are satisfied. 


B. THE HAWKINS-SIMON CONDITION? 


If X is the given output vector, then the vector of all inputs to the 
system necessary to produce X is AX, Since the only inputs to the system 
are also the outputs, it cannot produce and operate unless: 

NS AX or (I-A) X >0 

In words, this says that the production of any one unit of good must 
nowreguire directly or indirectly more than one unit of itself. 

The Hawkins-Simon condition expressed in matrix form is as follows: 
an input-output system is viable if the ith principal minor of the matrix 
(A-I) has for sign Ec Bora 1,255... 

Consider a 2X2 case. 

Let ^ 


a S^ 


A= be the technology matrix 
Ei 925 


^ 


The Hawkins-Simon conditions are; 





by 
Lancaster, K., Mathematical Economics, pp. 80-81, ALSC 
sppenbe sh), pp. 305-317. 


LO 





u, 0 1-2,,>0 


If the Hawkins-Simon conditions are satisfied, then Det(I-A) is 
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nonzero, the inverse aue ed exists. 


C. THE LEONTIEF OPEN MODEL 

The closed Leontief Model can be "opened" by introducing a primary 
input sector, 

A primary input is a commodity which is not an output of any produc- 
tion process of the system; it can be identified with labor, imports, 
or any scarce factor found to be important to the analysis of the model. 

The system is now divided into two sectors: the primary sector which 
does not contain any producing industries and the secondary sector which 
contains all the producing industries of the system. 


Let TL be the total amount of the kth primary input available 


and Jk; be the amount of primary input k used by the jth industry. 
Then: 
2 : 
TEES T. EXP m 
Define BE =--> as the amount of primary input k required per unit 
output j. i 
Then n 
A E AUS Y? k 21, 2,...,. Mo 





> 


An approximation of the inverse Ge >> can be computed as follows: 


-1 
(I-A) “= T+AHA A n A numerical example is presented in Appendix B, 


TI 





Mins teetne total quantity of primary input k is limited to a level 


O 
E , then only a certain proportion of output X can be produced and there- 


fore only a proportion of the final demand can be attained. 


The standard transactions table for the open model is given in Table 


$5.2). 


D. INPUT-OUTPUT TABLES IN VALUE TERMS 
In the theoretical input-output table, the numbers being reported 


represent physical units: aye is the amount of commodity j used to pro- 


duce E consequently, S = = is the ratio of two distinct physical 
j 


commodities. This creates an awkward situation where a large amount of 
numbers, the as must be carried along with two units each. Moreover, 
experience has shown that data in physical units are difficult to ob- 
tain and usually transactions are recorded in monetary he For these 
reasons, actual input-output tables are constructed in terms of money 
values rather than in terms of physical units. 
Let FE be the price of a unit of commodity Xx. 
M be the money value of the total of the ith industry 
Ze be the value of sales of industry i to industry j, 
Then 
Vis = P. EE and ^ = Pi E 
Constructing the coefficients EE as; 


BE . Je X. 6 P, 
E : = _iJ = _t iJ = 2 cu " 
n | D. Lg] 
J Je) J 





6 . 
Gosfield, Amor, Input-Output Analysis of the Puerto Rican Economy, 


Input-Output Analysis: An Appraisal, pp. 321-367. 
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If prices are assumed constants in the time period covered by the 


table, then E reflects the technology of industry j. 


a!. = money value of input i to the jth industry to produce one 
unit monetary value of output j 


Note that if equilibrium condition and zero profit are assumed, then 
the total value of inputs to any industry should add up to the value of 


output of that industry (viability condition) or: 


n 
(2.6) DER e V 
i=] 59 9 
n 
and 2; a: =] 
2 
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Purchasing Industries Con- 
en sump- ¡Total Gross 
‘<P tion | Demand | Output 





Primary Sector Producing 


Industries 


Table 2.2. Transaction Table for the Open Model 


1^4 





III. INPUT-OUTPUT MODEL FOR THE RURAL SECTOR 


An important and perhaps most sensitive step in input-output modeling 
is the construction of the Transactions Table. It consists of enumerating 
the different industries to be allocated to the rows and columns and de- 
fining the kind of data needed to fill in the slots of the table. In 


the following, these problems will be discussed and a tentative industrial 


classification will be attempted. 


A. SECTORS OF THE AGRICULTURE. 

The Partitioning of an economy into industries is subject to a certain 
number of theoretical and practical problems. The aggregation problems 
derive directly from the assumptions of the model. To minimize possible 
deviations from those assumptions implies a partitioning of the economy 
into an infinite number of industries, where each producing unit is being 
considered as an industry. Clearly, this is infeasible, Invariably, 
computational capacity constraints impose some level of aggregation. And, 
when n producing units are aggregated into one industry or sector, it can 
happen that one industry produces more than one product, in which case 
assumption (2) on joint products is violated, or it can happen that the 
sector uses more than one process, then assumption (1) on constant pro- 
duction coefficients is violated. In practice, model builders try to 
construct industrial sectors in such a way to obtain sectors as homogeneous 
as possible. A number of techniques for aggregation were developed by 


Mathilda Holzman. More recently, an interesting scheme for industrial 





ni l l l 
Leontief, Wassily, Studies in the Structure of the American Economy, 
pP . 326-359 ° 
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aggregation was developed by V. ees In the present case, it is 
conceivable that those problems are rarely critical, the structure of ag- 
riculture being relatively simple. 

In 1960,Michio Hatanakasuggested three bases for industrial classifi- 
cation: 

1, Commodity basis 

Pi Activity basis 

3, Establishment ed 

Again, because of the structural simplicity of agriculture and adding 
to the fact that most agricultural data are being compiled based on out- 
puts of commodities by type, a classification based on commodity basis 
seems to be a natural choice. 

The partition still depends on considerations with respect to the 
underlying objectives and the size of the model. An input-output model 
may embody a classification system that ranges from fine detail to a high 
degree of aggregation. At this point, it may be noted that every aggre- 
Eon Sacrifices a part of the details relative to the structure of the 
system, and as it has been pointed out every condensation of industries 
increase the deviation from the basic assumptions of the model, 

On the other hand, a classification of n sectors requires the estima- 
tion of n x (ntl) data points: corresponding to each sector, n values 
for flows and the gross output must be determined. From there, any fur- 
ther disaggregation increases the number of parameters to be estimated by 
2x (n+l). Accordingly, the labor requirements.to the following stages 


of the analysis will increase considerably. There will be then a constant 





Kossov, V., Contributions to Input-Output Analysis, edited by A.P. 
Carter and A. Brody, chap. 7, pp. 241-248, 


EN 
Michio Hatanaka, The Workability of Input-Output Analysis, pp. 15-20. 
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conflict between the desire to retain in the analysis all possible relevant 
details by distinguishing a maximum number of sectors and the need to con- 
form to the limited resources allocated to model building. 

Considering that in any developing country resource limitations are 
by far the most important constraint to any research, the number of sec- 
tors to be distinguished must necessarily be small. A reasonable model 
for the Rural Sector would encompass a classification of no more than thirty 
sectors. 

There is also a strong incentive to make use of the data routinely 
compiled by existing governmental agencies. This in some cases means a 
partition tailored to the existing data. 

The above considerations by no means exhaust all the problems relative 
to model building. The input-output analysis puts a primary importance on 
inter-industry flows; therefore, an extensive knowledge of agricultural 
Meocesses is required on the part of the investigator. The model builder 
should be able to detect bottlenecks that would develop if an intermedi- - 
ate sector whose output may be modest but provides necessary inputs to 
other sectors is neglected, 

In the analysis which follows, a partition is suggested taking as ob- 
jectives those that ve been delineated by the five-year plan, Namely: 

l. Increase in production to satisfy consumption., 

2. m in production of exportable crops. 

The criteria used in the partition will then be: 
a. Size of output 
It is implicitly assumed that the size of output of a commodity 
reflects the demand. A commodity is being produced more because it consti- 


tutes the basic ingredient to the population's diet, Any increase in out- 


put of that commodity is preferable, 


1% 





b. Export potential 
The programs and policies delineated by the FYP actively sought 
to increase production of exportable products. Thus exportable crops merit 
a special place in the analysis. 
Ce Sectors whose products are being used as inputs 
These sectors are the principal targets of the analysis. 
Special care must be given to those sectors to promote smooth growth and 
avoid bottlenecks. 
Based on the data published in the Agricultural Statistics Yearbook, 


1970, the following partition is suggested (Table 3.1). 


TO 





C. 


INTERMEDIATE SECTOR 


FOOD CROPS 

4. Rice production 

2, Animal food production (soybean, mungo beans, corn, ...) 
3. Other food production (vegetables, potatoes, peanuts, ...) 
4, Fruit production 


INDUSTRIAL CROPS 


1. 
Ze 
3. 
ly, 


Biber crops (kenaf, jute, cotton, ...) 
Rubber 
Tea and coffee 


Other industrial crops 


LIVESTOCK PRODUCTION 


4, 


owine production 
Poultry production 
Duck raising 


Cattle (beef cattle, buffaloes, ...) 


FISHERIES 


L, 
2. 


3. 


Presh water fish 
Salt water fish 


Crustaceans 


FORESTRY 


l. 
Za 


3. 


Fuelwood 
Lumbers 
Cinnamon 


PRIMARY SECTOR 


LABOR 


LAND ALLOCATION 


IMPORTS (fertilizers, insecticides, ...) 


Table 3.1. Sectors of the Agriculture 
19 





B. DATA REQUIREMENTS 

Leontief pointed out that the compilation of an input-output table 
cannot be viewed as a strictly descriptive enterprise but must be inter- 
preted as the fact finding component of an elaborate analytical —Ó 
The construction of the transactions table requires detailed information 
on the consumption of inputs and the distribution of outputs sector by 
sector, the analytical power of the model depends essentially on the ac- 
curacy of the estimated inter-industry flows. In compiling the table, 
the investigator must be aware of a certain number of problems. Conflict 
can arise between the conceptual definition of the object to be measured 
and the actual object being measured. This problem, identified as the 
problem of operational definitions, is inherent to all statistical prob- 
lems, There also can be cases where data obtained from different sources 
do not agree. The problem of measurement and reconciliation is referred 
to the cases where the sum of inputs to the system of a particular com- 
modity exceeds the total gross output obtained from the producing sector 
of that commodity. In those cases adjustments must be made and extreme 
care should be taken to avoid the danger of transforming the entire pro- 
ject into pure guesswork. The problems of statistical imputations may 
arise when imputation for the whole economy must be made based on observa- 
tions taken in a small area of the system. 

The informations entered in an input-output table consist of two dif- 
ferent sets of numbers: 

1. Outputs (X, ) and inputs (x; 5) to each sector 


2. Technical coefficients (a; +) 





10 
Input-Output Analysis: An Appraisal, National Bureau of Economic 
Research, pp. 9-28, Princeton University Press, 1955. 
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Inputs and Outputs 


For a large part, data for outputs can be obtained directly from 
statistical reports issued on a yearly basis by governmental agencies. 
Generally, those data describe the quantity of commodity i available for 
consumption outside the producing industry. In cases where the produc- 
tion of commodity i requires a percentage of the gross output to be used 
as input then the reported output corresponds to the gross output minus 
the input Xia Then X: 4 must be estimated and the gross output must be 
adjusted to this new information, An example can be found in the pro- 
duction of rice, a percentage of paddy produced is used as seeds for the 
mext crop. 

Data concerning inputs of primary goods can be considered as being 
readily available. Lands allocated to each particular crop are reported 
by the Agricultural Statistical Service, labor input to each sector can 
be obtained from the National Bureau of Labor Statistics. Fertilizer and 
insecticide used in each sector can be computed from the fertilizer- 
insecticide subsidies allocated to farmers. 

Technical Coefficients 

Once the aggregate inputs and aggregate output to an industry are 

estimated, the technical coefficients for that industry can be computed 


as the ratios of each individual input to the total output: 


Xo 
A —. 
353] X. 
J 
Wassily Leontief suggested an alternative procedure for the derivation 


of the coefficients where aggregate output and inputs cannot be easily 


; 11 
estimated, The procedure is called "derivation of coefficients by 





11 . 
Analysis of Puerto Rican Economy, Amor Gosfield, Input-Output Analy- 


Sis: An Appraisal, pp. 335-337, National Bureau of Economic Research, 
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engineering analysis" and consists of following the production process 
step by step and recording the inputs used at each stage of production. 
The inter-industry flows are then imported from the production function 
established for a random sample of firms, The production of poultry re- 
quires labor, animal foods, and some other miscellaneous expenses. Taking 
observations on a sample of poultry farms, the statistician can derive a 
production function for poultry production. 

As it has been pointed out, data may disagree in certain instances; 
in such cases, more measurements should be made and a reconciliation on 
the data obtained will be necessary. 

The derivation of production cost functions for the production of a 
wide variety of crops has been one of the projects promised in the FYP 
(p. 129). It can be expected that the input-output model can make use 
of this information, This will reduce considerably the workload of model 


building. 
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IV. STATISTICAL ESTIMATION 


The values of inputs and output obtained for each industry during 
each time period represent observations made on the corresponding random 
variables. The technical coefficients computed from the ratios of inputs 
and outputs are one observation made on the random variables ae 

Suppose input-output tables for n successive time periods are avail- 
able, then it is expected that statistical procedures can be developed 
to give estimates for the technical coefficients. In the following two 
statistical procedures will be presented. The least squares procedure 
assume constant technical coefficients, the time series analysis allows 


linear changes over time. 


A. LEAST SQUARES ESTIMATION 
Consider a simple model consisting of two producing sectors 
= x t Xx ze) 
1 1 2 1 


X, = Xo] + X50 + D, 


X 


| 


The technical matrix is: 


"Tn NE 


= a sa 
Bs 


22 


A 


EU 


a i is a Column vector, 
e 


Let B be the inverse of (I-A) 


r (1-a,,) a5 


A e aN 
Eas oo T (1-a) 


a 
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Label the matrix B as B = 


Dy is a row vector. 


Then expressing the vector of gross output as a function of the vector 
of final demand gives: 
E D 


b 
X b D Dui D t 19D 


b b 
Kol | Po, D, 21% + ?55D5 


EXNCxpiicitly 


NS EU ((1-a,5)D) + a) 5D.) 


di) 
1 
X E a a (a D + (1- yD ) 
2° (=a) Q-a55)-a5,45 211 o> 
X. ox 
Since a.. = d Or X.. = ud VA. 
ij E 13 A] 


Then relations between inputs and final demands can be obtained, 


E 
E E “8, 585] ( (1-a,,)D) + 2,905) 
(4,2) ee se OE 


og (ay sa.) 4, ¿207 | Lie (1-231) D5) 


The system (4.2) can also be obtained using matrix multiplication: 
Let D, be the vector of final demands at time period t, Consider 


the block diagonal matrix D where: 
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2 
+ d 
d = d 
4 Si 
D à, 
E E 
| no Re 
Let b: 1-285, 
si 
1 l-a 
Er 22 
E 7 1 “12 
B b! (1-243) (17255) 24 581 oon 
on 
1 a 
ba > 
| 1H 
and 
EL ET 
a 
ajs nie 2 
"2| “22 | 
Then 
ay} (1-823) EN 
"qub Co 
251 1-855) Ca 
B x A = l-a = da an e = Cy 
1 2 a2 a2 8,48.» C, 
a 5 (17844) EC 
855851 = 
| a, o (1-844) og 
and 
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ajı(l-a22)D] + 2155| | 
o x A = NC Pr Ap nage) Dy ^ Bans, l. la 
== — — DE -3 cn _ 
Aur Te27 71221. [aj585,7 + alla), | ls 
a27291D, + aD, | | 4X0 | 
The system (4.2) was rederived, 
Note that C = B x Ais a matrix of constant coefficients c,. 


If t time periods worth of data are available, then t relations can 


be written: 


where 


The least squares procedure minimizes the expression: 


Min = (,X% - ,D c)* 
DE v 


It may be noted that ihe minimizing operation can be simplified con- 
siderably using the fact that the Cis are not independent and that rela- 
tions can be established between the Ci So 


In this case, the following relations can be used: 


Meee e a 
EE C. a 
21 
2. Cy = 0, 
Es 
um. 
8 7 22 
C 
jt 
4, dI x Co - Ce = 1 


Substituting those relations in the expression to be minimized reduces 


the number of variables to four, The algebra for the 2x2 case is developed 


in Appendix A, 
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In general, the coefficients C.'s to be estimated never exceeds the 


number of the technical coefficients. 


Consider the case of n producing sectors. At the tth time period, 


let: 


4X 3 be the column vector of inputs to industry i. 


a be the ith column of the technology matrix. 


b: be the jth row the inverse matrix i s 


+P be the vector of final demand. 


Then construction the matrices Di A, B as: 
c 





b D' exl 
T a > 
E | ET 
e a’ 
+P ni 
2 2 
m rows xm columns m rows x I column 
and: . 
m columns 
55. 
B = be 
La 
bt 
Ne 


bd! 
Ne 


2 2 
m rowsxm columns 
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As in the 2 x2 case, relations between final demands and inputs can 


be obtained. 


I 
e 
Ito 
es 
Ix 


or 
¡AF ¡DxXf£ 


Minimizing 2 („X - ¿Y £ ‚ the least squares estimates for C are obtained. 
t 


The estimates for the technical coefficients are computed from the 


relation BxA=C. 


B. TIME SERIES ANALYSIS OF INPUT COEFFICIENTS 

Assume the (i,j)th input coefficient EE is an independent random 
variable. In principle, the random variables a; and E are negatively 
correlated. According to relation (2.6), n 814 7 O en a; ; increases, 
n decreases for some k, (k#i, k= 1, 0 DE 

Tilanus showed that for all practical purposes, these interdependen- 
cies can be neglected in the time series — 0 

Given the above assumption, a linear regression equation can be fitted 


to the time series of the technical coefficients. 


Let a, ¿(t) = a;; + ß,,t+ ex (9) 


ELO S. n 
NUES M her f 
Ors: Cee eg L 
where ee is a constant coefficient 
EL is the trend or the slope of the regression line 
ex (CC) E variable assumed to be normally distributed 
, 





STI 
Maanus, C.B; Input-Output Experiments in the Netherlands, Chap. 
3; DP: 36-51. 


Un 


e 
EE E 








For reason of convenience, consider a translation of time so that its 
average is zero for the period considered. 
Then again: 
a, ¿(t) = Os + 8 jt + e; s(t) 
T 


T 
T = E DURO -1, 05 Ly... 


The least squares estimators of the coefficients di; and JE are 


po 
S 
Ag Eg 
T/2 
» t a. (t) 
_t=-T/2 J 
B: BEES > 
» t 
=- 1/2 


The value of the estimate of a; s(t) at time t is then: 


E [a, ‚(t)] 


Il 


ie: ste; 40] 


1J 


Il 


Ins + By ate 


â, (t) 


The linear regression estimates , .(t) satisfy the restriction (2.6); 


namely, they should add up columnwise to one, 
: t a, (t) 


n 
mo a 1500) = : E a, LY + 


> 
t 

aS y t 
S 


T/2 
Since I a, (t) oie band » t = 0 
>) | 0 t--T/2 


A 
z a; (t) B 


Mm 
77 
LJ 
NA 
+ 
| 
EL 


The linear regression estimation of technical coefficients allows an 
extrapolation of the matrix A to a future time (t+s). It may be noted 


that since the ENS and ax; 9 are negatively correlated, then it can 
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happen that one or more extrapolated values yield negative values for 
those coefficients. This problem can be minimized if s is small; in 
other words, if extrapolation is made for a very near future. 

A measure of goodness of fit is provided by the t test on regression 
coefficients. 
Let 


A 


N gi 
Ug TEM op 


A 2 
/2 La, ¿(t) = a, ‚(t)] 
where a; ;(t) is the observed value at time t. 


(s, .)° is the estimator of the deviations of the observed values 
J from regression values, 


Under the null hypothesis Ho! there is no trend, then: 


2 
ij 2 

CS x^(T-1) 

6 t 


where q is the variance of the random variable a, (t). Also, Pi is 


distributed normal mean zero and variance 0i ee and 


S. . 
ENVE is U(0,1) 


Therefore, the t statistics are: 
ues 
iJ 


. ze 
(8, ¿y 


ta is distributed Student's t with (T-1) degrees of freedom. 
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V. USES OF THE MODEL 


The use of any inter-industry model is intended at the very first 
stage of the construction of the model. In the present case, the aim is 
to develop a forecasting device for agriculture and to provide a basis 
for efficient resource allocation. 

The following three sections propose to look at the use of input- 


output models in these areas. 


A. PREDICTIONS OF INTERMEDIATE DEMAND GIVEN FINAL DEMAND 
suppose there are no constraints on primary inputs; then, given a 


vector of final demands or bill of goods, the vector of intermediate de- 


mands can be computed, 


Let 
2 X; 3 
j 
er 
2 = : =| J be the vector of inputs to the economy. 
n j n T gr? 
Ns Es 
From equation (2.6) X - AX 4 D or X=Z+D, Then Z=AX and 
= / 
using equation (2.5) X = (I-A) D gives: 
Z= A(1 - DE D 
or 9 c pea + 1] GD D 
en) 2 = [(1 - 47? 1] D par). 


-— 


Relation (5.1) gives the predictions of intermediate demands fór the 
period t + s, using the technology matrix of time period t. Usually, this 


information is summarized with the use of subscript, 








predicted -1 given 
Ars nl A); E D ts 


A measure of the quality of predictions is given by considering the 
relative predictions errors: 
Prediction - Realization 
Relative error - Realization 
B. PREDICTIONS OF PRIMARY INPUTS DEMAND GIVEN FINAL DEMAND 
Let T be the input of primary commodity k to industry j. 
k = iL Zig m 


Zen 


Il 


j 
E Ernmary input coefficient matrix is: 


y 


T MM. 
B= by; where BS = X. 


B isanm x n matrix, m rows corresponding to the m primary input 
sectors. 
Let Y be the vector of primary inputs to the system. Y is anm 


column vector. 


n 
n (X Yi, 3) k = e DESI 
Jj: 
Or 
(E €x) 
MAS D Xx. 
= IUS 


or in matrix notation 
(5.2) Y = BX 

Given a final demand vector D, the required vector of primary inputs 
can be computed as follows: using (5.2) and the relation X = a D 
gives = suyos D 


The general notation is: 


predicted _ -l .given 
on aie MS A.) Drs 
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4 
O 


Note that not any bill of goods can be achieved, Let Tita be the 


vector of primary inputs available for use, then nz is upperbounded. 


O 
Lia can be as: 
S £ total labor 
Tnm = total land 
capital 
Then 


-1 „given O 
B(I-A) Dis S Yue 


Only a fraction of the given bill of goods Ds can De achieved, and 
it will be determined by the scarcest primary resource. 

Suppose the binding constraint is land constraint, then there will 
be primary resources that are not being fully used, If maximum use of 
available resources is wanted, then a parametric analysis can be consid- 


ered 9 I 


Let 


d + 6 
lits F kn 


+ 
dates On mts 
Then solving the equation: 


ts e DS MR 


B, (I - 4)! (D 
yields maximum use of primary resources, 

The solving procedure may involve iterative schemes. A systematic 
procedure for solving the similar problem is given by the linear program- 
ming formulation, 5 
C. A LINEAR PROGRAMMING APPROACH TO THE PROBLEM OF RESOURCES ALLOCATIONS 

IN INPUT-OUTPUT ANALYSIS 


Let D pi} be the set of final demand vectors that can be achieved 


given a primary input vector a 


p 





Consider the set D* C D. D* is the set of final demand vectors such 


that no vector D' € D* is dominated by another vector DÝ € D*, This says 


erhat if at < al then d Dp ak for somel. 
3 J 1 


A criterion for choice of the final demand vector to be accepted can 
be defined using weights for commodities 1, 1 = 1, 2,..., n. 


Let C = (C,, Uses C,) be the vector of weights attached to the 


2 
final demand vector. 


tisw-ro.d. 
, ii 
The problem becomes: Maximize the overall weight of the vector of 


Then the overall weight of final demand vector D 


final demand, subject to technological constraints and resources con- 


straints. 


Jj 


lt can be schematically written as follows 
Max N =C D 


SLT 


O 


BX Y 


IA 


X 0 


IV 


where 


A = (a..) is the technology matrix 


1) 
[NE (b, ,) is the matrix of primary inputs coefficients 
p =|. is the vector of gross outputs 
X 
n 
E 
D 2|. is the vector of final demands 
D 
n 
13 


Gass, Saul I., Linear Programming, Chap. 11, pp. 240-247, McGraw 
HN Inc., New York, 1969. ALSO 

Chenery and Clark, Inter-industry Economics, John Wiley and Sons, Inc., 
1959. 
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nm - (Chiese, o is the vector of weights. 
O a 
and Y =|. is the vector of primary resources. 
Y 
m 
E 
Let U =}. be the vector representing the unused primary resources, 
U 
n 


Then the problem can be put into the standard form of the simplex 
method formulation: 
Maximize W=C D 


Subject to (I — A)X = D 


O 


-BX + U -Y 


The problem can also be formulated to take into account the available 
inventory, i.e., the quantities of final goods left over from the pre- 


cedent time period. 


O 


Let D =|: be the vector representing the inventory. 
EO 

d 

m 

Then the problem becomes: 


Maximize C D 


O 


Subject to (I - A)X + D=D 


O 


Il 


- BX + U -Y 
M0 

It may also be noted that the problem can be transformed to handle 

situations where full use of one or more primary resources is required. 


suppose full employment is required, then let k, be the weight at- 


ih 
tached to Uy» Uy being the variable representing the quantity of unused 


labor supply. Maximizing W = CD - KU, will solve the problem. 
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The formulation of the general problem is: 


Maximize W = CD -KU 


Il 
iue 


Subject to (I - A)X -D 


-BX + U 


Il 
l 
Cad 


X20 
The explicit formulation is given in Table (5.1). 
The standard simplex method formulation is given in Table (5.2) 
To give an idea about the size of the problem, suppose an input- 
output model consists of 20 secondary sectors and three primary input 
sectors, then the simplex tableau will consist of: 


l row corresponding to the objective function 


20 rows corresponding to the technical feasibility constraints 
EN Xx-pDpsn 


O 
175 rows corresponding to resources constraint, -BX + U = -Y 
Total 24 rows 


and 


20 columns corresponding to gross output variable, x. 

20 columns corresponding to final demand variable, D. 

.2 columns corresponding to the unused primary input variable, U, 
Eu 43 columns 


The simplex tableau will be then of size 24 x 43. This explains why 


an input-output model of size less than thirty sectors have been avocated. 
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Maxinize W = c,d + c_d_ +... + c d, - kn een 


d mm 
: CIO 
Subject to: (1-2) PLE xcu. =D 
EM Bee 
Feasibility EE a a Er D; 
Constraints ; : S 
-a AA (lea yak Sec -D = p» 
a n2 2 en mo n’ n n 
dee 7 nni 
Resources bo) - book, DES Do A, T U, =, 
Constraints A a 
EE u E pos BED Aes in 5 En 
X, 20 a = 1, Zu esos N 
D, 20 2 =], 2; esses N 


ci 
IV 
© 
p 
Il 
I 
N 


e... m 


Table 5.1. Formulation cf the general problem 
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VI. CONCLUSION 


The purpose of this paper has been to develop a basis for the 
construction of an input-output model for the rural sector in Vietnam, 
It represents only the very first exploratory step into the field of 
inter-industry modeling. Likewise, the techniques proposed have been 
fairly simple. That should not lead into thinking that is all there is 
to input-output analysis. Since the introduction of the first model by 
Wassily Leontief thirty years ago, input-output techniques have pro- 
gressed at giant steps. Input-output models now range from fairly sim- 
ple time independent linear models to more complex dynamic models where 
time changes are explicitiy taken into account. 

The uses of the model have also diversified: from period wise pro- 
jections and resources allocation as presented in Section V, dynamic 


15 


resources Eme and time optimal systems have been developed; 

In regard to the partitioning suggested in Table 3.1, many objections 
may be raised. Should the model include those industries that relates 
directly to the agricultural sector such as rice milling, fish sauce pro- 
duction, animal food processing, etc. That depends on how one defines 
Aye rural sector. Should need arise, the model can be extended to encom- 
pass those sectors. Objections may also be made as to the appropriateness 


of the classification. The answer is that Table 3.1 should be viewed as 


an example, 


S Enn dE end Parlkh, Ko.) Planning for Growth, pp. 85- 
141, The MIT Press, 1968. 


1 
A Brody, Optimal and Time Optimai Paths of the Economy, Contri- 


butions to Input-Output Analysis, pp. 62-74, American Elsevier Publishing 
Company, Inc., New York, 1970. 
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As it has been pointed out, a sensible partitioning can only be made 
with the help of some degree of expertise on the structure of the Viet- 
namese rural economy. Input-output is typically a group project, Exper- 
ience has shown that inter-industry modeling requires a combination of 
diverse a (216. Expert knowledge and some familiarity with the economy 
to be modeled should be added to the skills in statistical estimation and 
data analysis. It is clear then that the modeling of the rural sector 
should be undertaken within or at least with the active participation of 
the Ministry of the Agriculture. 

The confidence that can be placed on the values of input-output fore- 
casts derived from the models proposed in Section IV depends directly on 
the validity of the assumptions on constant coefficients. lf deviations 
from those assumptions are not too rar, then accurate predictions can be 
expected. In the present case, although it is true that one can expect 
changes to occur in farming techniques, these changes will take place 
only gradually. Farmers in Vietnam, as anywhere else, have been known as 
being risk averters and will accept new technology in a very conservative 
way. Consequently, if predictions are being made for a near future period 
then the results will not be too far off. 

Carl F. Christ pointed out that among other properties, input-output 
Mies are consistent; and comparing to linear regression models, input- 


17 


output values are consistently more accurate „ Calculations made for the 


lÓóchrist, Carl F, Nature and Uses of Data and Methods, Input-Output 
Analysis: | An Appraisal, pp. 53-135, National Bureau of Economic Research, 


E55. ALSO 


Bharadwaj, Economic Analysis in Input-Output Framework, Input-Output 
Research Association, India, 1967. 


1 : 
ee Carl F., Nature and Use of Data and Methods, Input-Output 


Analysis: An Appraisal, pp. 53-135, National Bureau of Economic Research, 
New York, 1955. 
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Netherlands economy by C.B. Tilanus showed that relative errors of input- 
output forecasts are consistently less than those of GNP blow ups. More- 
over, the relative prediction errors for a time lag of 12 years (1948- 
1960) are in the order of 5 m = 

It should be noted that the assumptions on constant coefficients in 
the Netherland's model are more likely to be violated than in the present 
model for the rural sector. The Netherlands being a highly industrialized 
country should have an economy that is much more dynamic, and therefore 
technological changes are more frequent. 

In any event, depending on the willingness to accept the assumptions 
on constant coefficients, a static model or a static model with updating 
schemes can be used. The techniques for updating the input-output model 
using most recent data are E 

In cases where drastic changes in rural economy are expected, then a 
dynamic model should be developed, Incidentally, in input-output analysis 
dynamic models are a logic continuation of the static models; they require 
the same kind of information, only dynamic models involve more advanced 


Mathematics and dynamic programming solving procedures. 


18 


lilanus, C.B., Input-Output Experiments in the Netherlands, pp. 13- 
NS. 


den, Pp. 34-123. 
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APPENDIX A. LEAST SQUARES ESTIMATION FOR THE 2x2 CASE 


In Section (4.1) the relations between the C.'s have been developed 


as: C 
1 
CENE LL SUD 
9 > 5 
(A,1) Ey E Co 
C 
E E 
Ce = (1 + C.) È) 
ee 
Oo = (2 + 02) a 
571 
The relations between Ci and ajj were 
Si = 840-255) 
Co 5 =) 10 
Ca = 25-85) 
E J EM 
v z di. 
C 80-72) 
Co = S o 
ÉS B a o (17244) 


The least squares estimation minimizes the expression: 
Min E [x* - Dor 
t 
Subject to the relations (A.1) 


or 


CE t 


Min RI "Dc T L (xy-Dy 
t 


Bu 
125726) 


a A 


E t 2 
+ (x55 Dy C, - D, Cg) | 


Subject to relations (A.1) 


Replacing C., Cys Ce Co in the objective function yields: 


3 
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pt A 


t 
Min W = : dosis DC- Dee) 1 (xz, -D i o, C.-D, EG E" 
t : 
uc. D Co- D ) 2 EN ¿DO D, (146, ) E F 
Taking the derivatives: 
C 
4 OW _ t yt odo t 2 
Eo" 09317230, -D; 209) Di 2 (o 170 D; 2069 Dg 
2 2 
D E C> t o» 
E (xy 57D, 0 - D, (146) 22 D, (140,) 2 
1 1 
E v 
E (x32? ieee Dj (sc 5) * S. b 23 D, (146 3) zo 
ie 
e [(x° plc -D, C Bx (x pt 15 _ ot 0. Dy ts 
E | E c) 7 x2 GO ae 
2 
C, (1+C_) C C 
t zi 5 
+ Og -DyC Disc) gn D 2 ESA -D16,- De) ) 
i 
IO ) 
pe C 
2 C0, 7 
4 5 = zx [G5,- pe Lo. - CD dea è nto) 22) 
? 30. 1 2i Cs E GI C, 
(HP 2) - (Dto pio.) 2) ppt - TZ L 
e D nu EM E ES 
De 1 02 
Ee )C, 
aW t E IR eee 
2 d0 È KON i (140, ) (Dj + Da rr DI 
7 51 
tt toto 
E " MEI INN 
toto toto 
5 “Sai, È " |n = | 
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tt tt 
S Eu 323 " Ser 
t t 
a X554 7 8p E X 29D) = by 
t.t 
and E = E 
Then ( 2 
C 1+C depo o e 
aW. No s Enc s E ES E D 
1 30, a ui b. E by dC, (1+ 2) + a, (140,) 
2 175 2 
DN 2 2 i 
eae C C^C C 
Do + 5) + da AA AE] = 6 
Fuer 2 u: 2 EZ 
175 2 1*5 2 
0.0 14C 1+C ac? 
Nw 175 5 5 i ey 
1 — = = NES RE b + d 
QC 1 DM? C DENEN 4 3 2 
2 9 7 E C 
2 
2 2 
C C C C 
E NAE M. NN UNE 2 DS o 
à d, c. (1 >) El (146) (5 ec ) + dC, HIT io 5) |= 0 
C 7 175 ibus uU, CIO 
2 175 
EU C4 da HG 2 cl 
1 
iqax== a. +a.,+b,+—° db, - É db, dU LLL 3) 
C, 0, 72 1 23 1 721 Q 037 00, % SU E 
Da > 2 2 
C C C (1+C.) 
E 1 “2 n LA o 2 Dane 
dd [2 GU. Ctm (C, al d5 LC. ar (1+C ¿) Co —F | =6 
Duo 1 C C 5 
| 5 1 
EU 22, 229 
5 36, a0) 0. -4, 670.0, -2à à, (14C,) PUN + 5, (146) CoC C] 
2 2 CM 
dp (1402) 0,0, = 0 
Solve for So 


x E + oie (146) ] E 
7 20202 2 22 
461°, + 2à, d, (14€ )C,C,C. + a5(14€,) cz 





Replacing C, in the three first equations, a system of 3 equations to 3 


‘i 
unknowns is obtained. 
ouppose data are available, then an iterative search scheme can be 


Cee 


developed, Using the starting guess values for Ga D 


O 

e 841 (1-255) 
Ce 
A 

O = 
TEA 


It is hoped that the scheme will converge.  Attempt has not been made 


as 


because of lack of real data. 
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APPENDIX B.  APPROXIMATION FORMULA FOR THE INVERSE OF (I - A) 


If the Hawkins-Simon conditions are satisfied, then the system is 


viable and the inverse of (I-A) exists. M RE can be approximated by 


the power series of A. 


E ... 


Oh = nes eU ee 
For more details, see Appendix R.5, pp. 276-293, Mathematical Econom- 
ics, Kelvin Lancaster. 


Consider the matrix As 


A nz 2 
a 2 =: 
02 0 ol 


ACS 


The powers of A are: 


A0 D O44 .036 .036 
n Nc oO. A UI LOS Í 
PO ciato .026 .020 .021 
.0196 .0160 .0160 US E OPE 00712 
E 20226 0104 0103 |; A= 00562 .00460 .00459 
60114 .0092 .0093 200506 .00412 .00413 
ae) + approximated to the fifth power yields 
MO Ea 99912 E 
ey = THAHAZHA HR A? =| „20622 1.29900  .18750 
. 30246 07332. 1.18445 
1.37931 .34482  .34482 
The actual inverse is: .21073 1.30268  .19157 
850051958 0266209 159775 





APPENDIX C. A NUMERICAL EXAMPLE 


Consider an input-output model consisting of three producing sectors 


and two primary input sectors: 


Agriculture | Animal Fisheries || Final Gross 
Production Demand | Output 
16 50 80 
8 2 LO 
16 al 30 
DZ 
8 
80 





Sector 
Consuming 













Asriculture 
Animal Prod, 


Fisheries 








6 
D l 
1 
urplus 
l 12 0 24 
10 30 


Total 150 








JitzHerena 


lmport 


Gross Output 


Hypothetical Transactions Table in Money Units 


Dividing the five first rows by the last row elenent by element, the 


technology matrix A and the primary input matrix B are obtained: 





Mc ud "n 
-.2 0 9 
The inverse of (I-A) is given in Appendix B. 


MEE. Sh 
Baar 1630 7539 
0.07 119 
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1. Gross Output Predictions Given Final Demand 


a. Unconstrained Case 


60 
Given D=]| 30| what should the vector X be? 
20 


X is given by the relation X = Gein 


LoS Ole ¿34 60 100.2 
X = LO UA O = 55.4 


+ 30 20/20 5.9 20 43,9 


The intermediate demand is: 


100.2 | 60 10.2 
MEX -D= | 55.4 = 30 - 25.4 
43,9 20 23.9 


b. Constrained Case 
It is obvious that if the primary resources are infinite, 
then the proposed bill of good can be achieved. What happens if the pri- 


mary input vector is constrained to a level "UE suppose: 


y9 = 70 
30 


To achieve the given bill of good D, the primary input demand is: 


SR 5 ED oom 
Y = BX = | X 55.4) = 76. 56 
sil 2 En 43,9 PON 


E ey, the given bill of good is not feasible, 
2. Linear Programming Formulation 
Suppose a vector of weights is chosen to correspond to the final 
nand vector C = (4, 3, 2). 
Suppose that primary inputs are constrained by the vector 
i = = Eee todd sn o A demand for year 


tts must be at least equal to the final demand of year t. 
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DE De. is the final demand of year tts then 


50 


D >D = 23 
tts E 11 


The linear programming problem can be formulated as follows: 


Maximizes Xo = Y di + 3 d, +2d 


9 
Subaeetzre: 

ex, - «ER, - «ER, - d, = 0 | 

technology constraints ~ 1X, + Ox, - 1K, - d, = 0 

-. 2X IX - d. = 0 

i z 3 

primary inputs Ax, + X, T 2X, « 130 
constraints 1% + 1%, + KG « 50 
d > 50 
demand constraints d, 2 2l 
de E 


X, 20; i=1, 2,3 


The problem was solved on computer IBM 360 using Subroutine 


MPS/360. 
Solution Optimal objective value ky = 658.46 
Variable levels Xl = 196.0 

X, = 80.89 
Ka = 55.78 
du = 129.47 
d, = Don 54 
3 


Bounds: Labor - upper bound (used up) 


Import- upper bound (used up) 


15; 





NO 


10. 


11. 
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19, 


14, 


15. 


16, 
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